generally stable,3 present in all cells in a person, and inherited from one feneration to the next in a Mendelian fashion.4 Therefore, they have been shown to be informative genetic markers, for example, in establishing parental origin of chromosome abnormalities,6 7 particularly in the origin of the extra chromosome 21 in Down's syndrome,>'2 and for exclusion of paternity in cases of disputed parentage. 13 14 These chromosome polymorphisms appear to have no direct effect on phenotype, although numerous investigators have sought to discover a role for the frequently observed variations, for example, that variants may produce greater instability of the genome, leading ultimately to an association with clinical abnormality'520 or to an increased risk of developing a malignancy. 2124 In light of these suggestions methods to provide reliable comparisons between polymorphisms are essential. Such comparisons produce problems, even within one study, since techniques vary between laboratories. Numerous statistical methods have been used in attempts to overcome these problems (reviewed in Erdtmann25), but these do not appear to be the answer. We present a new method for direct observation of the polymorphisms using scanning electron microscopy (SEM), which eliminates some of the inconsistencies of the technical procedures and permits direct quantitative assessments to be made.
Materials and methods
Heparinised peripheral blood was cultured in RPMI 1640 medium (Gibco, Scotland) supplemented with 10% fetal bovine serum for 72 hours at 37°C. Then, 0-01 gg/ml colcemid (Gibco, Scotland) was added for 1*5 hours. Cells were incubated in 75 mmol/l KCl for 8 minutes at room temperature followed by three washes in methanol: acetic acid fixative (3:1) . Chromosome spreads were made by dropping suspension onto coverslips followed by air drying.
Coverslips sequential LM and SEM photography. In these LM photographs the extent of the secondary constriction was demarcated by the proximal boundary of G band 9q2131 (fig 2b and c, black arrowheads, lower insets) which was demonstrated to correlate with a prominent circumferential groove in both homologues in the SEM (fig 2b and c, white arrows) . The centromere was more clearly defined in the SEM (fig 2b and c , black on white arrowheads) than the LM (insets). Therefore, in the SEM the extent of the heterochromatic region between the centromere and the boundary of the secondary constriction were precisely defined, compared to the reduced definition provided by LM of C or G banded preparations.
Also, when observed in the SEM, both chromosomes 9 showed additional circumferential grooves within the heterochromatic region. The 9qh+ showed two grooves within this region (fig 2b, and f, insets) . A more precise observation of the actual size of these satellites was demonstrated by three dimensional viewing in the SEM (fig Sc and e) , facilitated by rotation of the specimens and observation of the chromosomes from different angles (fig Sd and f) .
Another variation within the centromeric region of one chromosome 21 was identified in a normal subject by SEM. Although recognised as atypical in the LM, the nature of the polymorphism was uncertain when stained and banded preparations were examined (fig Sh, inset) . In the SEM, it was apparent that the centromeric region was extended and the long arms were reduced in size (fig 5g) . The precise morphology of the variation was confirmed by rotation of the chromosome, in this (fig 5h) and numerous other metaphases in the SEM. Therefore the high resolving capacity of the SEM may be used in the detection of fine morphological variations, difficult to identify by LM techniques.
Discussion
Human chromosome polymorphisms were studied by SEM. Those cases showing variation within the paracentromeric regions of chromosomes 1, 9, and 16, or at the distal end of the Y chromosome were selected initially by LM C banding, followed by detailed investigation of G banded preparations in the SEM.
In each case, lqh+, 9qh+, inv (9) , and 16qh+, the positively stained heterochromatic material, was of constricted morphology when compared to the euchromatic regions. This indicated a difference in gross morphology between hetero-and euchromatin produced, possibly, as a result of alternative methods of coiling during compaction into the metaphase chromosome. This has been implicated by several authors from LM observations.3235
The extent of the paracentromeric heterochromatic region of the polymorphic chromosomes was, in each case, defined by a prominent circumferential groove in the SEM. The centromere was also always clearly defined in the SEM. Demarcation of the heterochromatin at the distal end of the Y chromosome was provided by a faint circumferential groove. These observations were not dependent on the uptake of stain. In contrast, in the LM, Giemsa staining was necessary to demonstrate these positive C bands and the degree of staining was found to be highly variable between cells.25 Therefore, an accurate comparative assessment of the extent of the heterochromatic regions between homologous chromosome pairs and between persons is possible using the SEM.
In the inv (9), the same morphological characteristics were observed, and were found to be useful in determination of partial or complete inversion of the heterochromatic region.
Circumferential grooves were observed within the heterochromatin of chromosome 9, and the number of grooves present reflected the size of the region.
For example, the 9qh+, described here, showed two intraheterochromatic grooves and the smaller 9 showed one. This difference in number of 
